D
aily life ischaemia in patients with chronic coronary artery disease is partly attributable to transient reductions in coronary flow. 1 In these patients, inflammatory activation of vascular endothelium combined with platelet activation and thrombin generation [2] [3] [4] [5] may cause temporary flow reductions, either by constriction of an eccentrically stenotic, potentially pliable, coronary artery [6] [7] [8] [9] or by the formation of transient platelet aggregates. 2 4 10 However, this mechanism has not been demonstrated in vivo in such patients. We previously reported a link between the presence of transient ischaemia in patients with chronic coronary artery disease and raised concentrations of the inflammatory and procoagulant cytokine, macrophage colony stimulating factor (MCSF). 11 In the present study we hypothesised that aspirin might reduce daily life ischaemia in such patients, possibly through inhibition of platelets, thrombin, and cytokines.
METHODS

Study population
Seventy five consecutive patients (64 men, 11 women; mean (SD) age, 55 (9) years, range 38-69 years) with effort angina of more than one year's duration, documented exercise induced ischaemia, and more than 50% luminal diameter stenosis of more than one epicardial artery at angiography (done within a year of examination) were initially screened to undergo 48 hour Holter monitoring. However, 15 patients were excluded because of extensive repolarisation abnormalities and intraventricular conduction delays on the resting ECG (n = 6), a history of acute coronary events or a revascularisation procedure (coronary artery bypass grafting or percutaneous transluminal coronary angioplasty) within the previous six months (n = 5), clinical evidence of peripheral vascular disease (n = 1), or diabetes mellitus (n = 3). Twenty patients, included in a previous report, 11 were also excluded from the current study because they did not have evidence of myocardial ischaemia on the baseline 48 Holter monitoring. Thus the final cohort consisted of 40 patients (36 men, four women; mean age 56 (6) years, range 38 to 68).
Written informed consent was obtained from all the patients. Other exclusion criteria not found in our cohort were evidence of cerebrovascular disease, renal or liver dysfunction, bleeding tendencies, malignancy, known inflammatory diseases, and allergy to aspirin.
Study protocol
Upon enrolment for Holter monitoring, all antiplatelet drugs were withdrawn for seven days. At the end of this period, antianginal treatment was gradually reduced over the next 48 hours to avoid rebound ischaemia and was then withheld for a further 72 hours, during which the 48 hour period of Holter monitoring was undertaken (using a Marquette 8000 laser system). During this five day period, antiplatelet treatment was again withheld. Thus patients were off any antiplatelet treatment for an overall period of 12 days. Sublingual nitrates were allowed should chest pain persist beyond three minutes, but only five of the 40 patients made use of them. None of the patients was unable to complete the study protocol because of withdrawal of aspirin or antianginal treatment.
Evidence of ischaemia on Holter monitoring was defined as ST depression of more than 0.1 mV, occurring 60 ms after the J point and lasting for more than one minute. The maximum and mean heart rates, heart rate at the onset of ST depression, maximum ST depression, and the presence or absence of symptoms were noted. In all 40 patients the quality of the 48 hour Holter recordings was optimal.
The study was approved by the Hammersmith Hospital's research ethics committee at a time when aspirin treatment in stable patients was not implemented in routine clinical practice. 12 Randomisation to aspirin or placebo Aspirin and placebo were provided by the hospital pharmacy as identical capsules. Aspirin was given at a dose of 300 mg/ day because, at this dose or higher, studies have shown that it may inhibit shear induced platelet activation 13 and thrombin generation, 14 and exert an anti-inflammatory effect. 15 Each treatment lasted three weeks to avoid any carry over effects of aspirin. Twenty of the 40 patients with Holter evidence of ischaemia were initially randomised to aspirin, and the other 20 to placebo. After three weeks, all 40 patients were crossed over to the alternative treatment for another three weeks. Forty eight hours before the end of each three week phase, 48 hour Holter monitoring was repeated and blood sampling and urine collections were done. Patients and physicians were blinded to the type of treatment assigned (aspirin or placebo); the code was broken after data analysis had been completed.
Blood and urine samples
Forty eight hours before the end of each three week treatment period, morning blood samples were drawn on two consecutive days, and two 24 hour urine collections were taken for the measurement of the following factors: urinary thromboxane (Tx)A2 metabolites (TxB2 and 11-dehydroTxB2), as indices of platelet activation 9 ; plasma prothrombin fragment F1+2, as an index of thrombin generation 16 ; and interleukin (IL)-6 and macrophage colony stimulating factor (MCSF), as indices of inflammatory activity. 11 Aliquots of plasma and urine were stored at 270˚C and analysed in batches within a year of sampling.
Laboratory assays
Urinary TxB2 and 11-dehydro-TxB2 were measured by enzyme linked immunoassays (Cascade Biochem, Neogen TM, Reading, UK; sensitivity 0.004 ng/ml for TxB2 and 0.01 ng/ml for 11-dehydro-TxB2); values were corrected for the 24 hour urinary excretion of creatinine (ng/mg creatinine). Cross reaction with other prostanoids in the urine was ,0.25%. The assays were in compliance with the US Food and Drug Administration's Good manufacturing practice regulations. F1+2 concentrations were measured by enzyme linked immunoassay (Enzygnost F1+2 micro, Behring, USA; sensitivity 0.04 nmol/l). Plasma MCSF and IL-6 were measured by enzyme linked immunoassays (R&D System, Minneapolis, USA: human MCSF quantikinine, sensitivity 20 pg/ml; and high sensitivity human IL-6 quantikinine, sensitivity 0.094 pg/ml). The intra-assay coefficients of variation were less than 5% for all tests. The assays were done by personnel who were unaware of the clinical data.
Statistical analysis
The number of patients was determined so that the study would achieve a power more than 80% for detecting a reduction by aspirin of 2 (2.6) ischaemic episodes during Holter monitoring, a similar reduction having been observed after ticlopidine treatment. 17 Differences within and among groups were analysed by the Wilcoxon signed rank test, the Mann-Whitney U test, or analysis of variance (KruskalWallis and Friedman test). Spearman's rank correlation was used to assess relations. Multiple relations were tested by stepwise regression analysis. Categorical variables were compared by contingency x 2 tests. Biochemical and ECG data are presented as medians and interquartile ranges unless otherwise stated. For each treatment phase, the mean of two consecutive blood and urine measurements was used. A two tailed probability value of p , 0.05 was considered significant.
RESULTS
Baseline characteristics
The patients' main clinical characteristics are shown in table 1. The right coronary artery was involved in 23 patients, the left anterior descending in 28, and the left circumflex in 23. All patients had an ejection fraction of more than 55% at left ventriculography. This study cohort of 40 patients with ischaemia during Holter monitoring was similar in age, sex, risk factor distribution, and mean and maximum heart rate at baseline to the 20 patients without ischaemia included in our previous report. 11 Patients with ischaemia, however, had a higher prevalence of multivessel disease: 38/40 v 11/20 (94% v 55%, p , 0.05). None of the patients was admitted to hospital for a cardiac or any other reason during the study.
Holter monitoring
In the 40 patients included in the crossover trial with aspirin, 314 ischaemic episodes lasting in total 1678 minutes were recorded during baseline Holter monitoring. In these patients, mean heart rate at the onset of ischaemia during Holter (18) beats/min, p , 0.01). Most ischaemic episodes on Holter monitoring occurred at heart rates of less than 90 beats/min (210 episodes, or 67%). Maximum and mean heart rates and the number and duration of ischaemic episodes at baseline and at the end of the placebo phase of the aspirin trial were similar, indicating that the patients' level of activity and threshold for ischaemia remained stable throughout the study (table 2) .
Effects of aspirin on daily life ischaemia
The total number of ischaemic episodes fell from 339 during placebo to 251 during aspirin, and their duration fell from 1765 to 1305 minutes (p , 0.01 for both comparisons, table 2). The episodes recorded during aspirin showed higher heart rates at their onset (p , 0.05) and greater ST depression (p , 0.01) compared with those recorded during placebo (table 2) , indicating a reduction by aspirin in the number of episodes occurring at low heart rates.
Effects of aspirin on haemostatic and inflammatory markers
In the 40 patients with Holter evidence of ischaemia, treatment with aspirin for three weeks was associated with a median reduction in TxB2 of 45%, in 11-dehydroTxB2 of 60%, and in F1+2 of 20% compared with placebo (p , 0.01 for all comparisons) (table 3). As previously reported, 11 MCSF fell by 19% and IL-6 by 37% compared with placebo (p , 0.05 for both, table 3). Urinary 11-dehydro-TxB2 concentrations were related to those of plasma MCSF, both during placebo (r = 0.62, p , 0.01) ( fig 1A) and after aspirin (r = 0.53, p , 0.01) (fig 1B) . Moreover, the percentage reduction in MCSF during aspirin was related to the percentage reduction in 11-dehydro-TxB2 and in the duration of ischaemic episodes compared with placebo (r = 0.41 and r = 0.43, respectively; p , 0.05). Patients who showed a more than 60% reduction in 11-dehydro-TxB2 (n = 20) during aspirin compared with placebo were considered to be aspirin responders. They had lower MCSF values during both treatment phases than patients with ( 60% reduction in 11-dehydro-TxB2, who were considered to be non-responders (placebo: 500 (370-930) pg/ml v 1310 (821-1612) pg/ml MCSF; aspirin: 552 (370-870) pg/ml v 1136 (815-1395) pg/ml MCSF; p , 0.05 for all comparisons) (fig 2) . Effect of aspirin on daily life ischaemia
DISCUSSION
We have previously shown that aspirin reduces proinflammatory cytokines in patients with chronic coronary artery disease. 11 In the present study, we show that aspirin reduces myocardial ischaemia during daily life in patients with demonstrable ischaemia on 48 hour Holter monitoring, in proportion with the concomitant reduction in MCSF concentrations and in parallel with a reduction in platelet activation and thrombin generation.
Daily life ischaemia and haemostatic/inflammatory markers MCSF induces monocyte/macrophage activation, 18 plateletmonocyte adhesion and activation, [19] [20] [21] and the release of platelet derived growth factor, thrombospondin, 19 22 and vasoactive proteins, including TxA2, 8 endothelin, serotonin, leukotrienes, and oxygen radicals. 18 22 Both MCSF and TxA2 are involved in vasomotion and in platelet and coagulation activation; therefore they may cause transient coronary flow reductions in patients with stable coronary disease through constriction of stenotic but pliable arteries 2 6 8 10 or through formation of temporary platelet aggregates and microthrombi that can spontaneously lyse or dislodge. 2 4 10 The lower heart rates at the onset of Holter monitored ischaemia compared with exercise induced ischaemia suggest that at least part of the ischaemic episodes recorded in our population was associated with transient reductions in coronary flow. Indeed, nearly 70% of the ischaemic episodes occurred at heart rates of less than 90 beats/min.
Relation between TxA2 and MCSF and effects of aspirin on biochemical markers The significant relation between MCSF and TxA2 metabolites observed during the placebo phase is consistent with the ability of MCSF to promote platelet activation in vitro [19] [20] [21] or with a proinflammatory effect of activated platelets. In the present study, TxA2 metabolites, prothrombin F1+2, and the measured inflammatory cytokines were significantly reduced by aspirin. While the reduction in TxA2 metabolites is easily explained by aspirin's irreversible block of platelet cyclooxygenase-1, 23 the reduced plasma concentrations of F1+2 may be a result of platelet inhibition 13 14 and of the reduced procoagulant actions of MCSF and IL-6 by aspirin. 11 24-26 The significant relation between TxA2 biosynthesis and MCSF after aspirin administration suggests either aspirin resistant TxA2 production by platelets, 27 leading to cytokine production, or stimulation of extra-platelet sources of TxA2 28 by the persistent MCSF production. Indeed, in the present study, aspirin responders had a twofold lower MCSF concentration than non-responders during placebo and aspirin treatment.
Effects of aspirin on daily life ischaemia
Aspirin given for three weeks to patients with Holter evidence of ischaemia produced a reduction in ischaemic episodes compared with placebo. MCSF and TxA2 metabolites were interrelated and were also significantly reduced by aspirin. A direct relation between the reduction of ischaemic episodes with aspirin and a parallel reduction in the systemic concentrations of haemostatic and inflammatory biochemical indices may be difficult to establish in the clinical setting, as the genesis of myocardial ischaemia is multifactorial. 1 10 Remarkably, however, the percentage reduction in MCSF after aspirin treatment (compared with placebo) was independently related to both the percentage reduction in 11-dehydro-TxB2 and the percentage reduction in the duration of ischaemic episodes in the present study. Thus it is possible that aspirin reduced ischaemia through a combined reduction of the powerful vasoactive and haemostatic mediator TxA2 2 9 23 and also of the proinflammatory and procoagulant cytokine MCSF. 11 Interestingly, the ischaemic episodes that occurred during aspirin were at higher heart rates and greater ST depression (most probably secondary to increased myocardial demand) than those observed during the placebo phase, further suggesting that aspirin exerted a beneficial action on supply driven ischaemia. In agreement with this, Fox and colleagues found that treatment with ticlopidine reduced transient ischaemia accompanied by low heart rates in patients with both exertional and rest angina. 17 On the other hand, we cannot exclude the possibility that aspirin reduced the number and duration of ischaemic episodes through other mechanisms, and that the reduction in haemostatic and inflammatory indices was merely secondary to the lessened ischaemic burden.
Study limitations
Cytokines and F1+2 were measured in peripheral blood and TxA2 metabolites in the urine; therefore firm conclusions on the release of these factors within the coronary circulation cannot be drawn.
Conclusions
This prospective study in 40 patients with Holter evidence of myocardial ischaemia showed that aspirin treatment at a dose of 300 mg/day reduced daily life ischaemia and haemostatic/inflammatory activity. These findings are clinically relevant, as daily life ischaemia 29 and MCSF plasma concentrations 30 are both known to predict adverse outcomes. Our data suggest a possible mechanism for the effect of aspirin on transient ischaemia-namely the combined inhibition of platelet activation, thrombin generation, and inflammatory cytokines. Indeed, the reduction in the concentrations of TxA2 metabolites and MCSF by aspirin was associated with the reduction in ischaemic burden. Whether lower doses of aspirin or other antiplatelet agents exert similar effects remains to be established. These results offer a mechanistic basis for the reported reduced rate of coronary events in patients with chronic stable angina treated with aspirin. 12 
